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The fonnation of paramagnetic semiquinone radicals
is supported by the absorption spectra of quinones in
adsorbed state.
IT has been reported from ESR measurements
that some paramagnetic chemical species, mainly
semiquinone radical ions, are formed when various
organic compounds, like olefins, aromatic hydro-
carbons, quinones, hydroquinones, etc. are adsorbed
on oxides of aluminia, silica, etc.1-4• Since semi-
quinone radical ions obtained from qui nones absorb
at longer wavelengths compared to the parent'
quinones-, it was surmised that the above assumption'
may be tested by the measurement of absorption:
spectra of quinones in the adsorbed state. With
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Fig. 1 Absorption spectra of the quinones adsorbed on
alumina
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this object in view various quinones were adsorbed
fr?~ benz~ne solution on to microcrystalline alu-
rmrnum OXIde,and the absorption spectra measured
in the microscopic crystal spectrophotometer" using
oil immersion objective (paraffin oil being used
as. immersion liquid). It may be observed from
Fig. 1. th~t all the quinones employed showed,
ab~orptlOn 111 the long wavelength side of the parent
quinone. The semiquinone radical ion from chloranil
has been found to absorb between 450 and 500 nm
(ref. 7, 8). The band position in the adsorbed
state appears near 500 nm. As the spectra of
other semiquinone radicals were not available a
comparison could not be made. Similar results
have been obtained with magnesium oxide as
adsorbing base. But the spectra were not changed
at all when zinc oxide was used as adsorbing base.
The author would like to express her gratitude
to Prof. S. Basu for many helpful discussions
and for all laboratory facilities during this work.
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The changes in the kinetic energy during the forma-
tion of LiH bond as the H atom gradually approaches
Li, have been studied. It is found that the total kinetic
energy of the localized molecular orbital correspond-
ing to the bond falls off initially and then rises as the
internuclear distance approaches the equilibrium inter-
nuclear distance. The kinetic energy due to orbital
interference density, however, progressively falls off
and thus contributes to the formation and stabilization
of bonds. The kinetic energy due to interatomic orbital
overlap also falls off initially and then rises up pro-
gressively.
MANY attempts have been made to study the
various factors responsible for the formation
of a chemical bondl-12• A quantitative analysis
of the energetics of the formation of a bond must
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take potential as well as kinetic energies into account.
The importance of kinetic energy has been pointed
?ut ~y many work~rs2.3,lO,11. Ruedenberg- has
investigated the physical nature of chemical bond
and has established that the lowering of kinetic
energy is an important factor in bond formation.
In this paper we present the results of our
studies on the changes produced in the total kinetic
energy, the kinetic energy due to interference den-
sity and interatomic orbital overlap kinetic energy on
varying the internuclear distance in the Li-H bond.
The ground state (l~T) wave function of LiH mole-
cule has been taken from the work of Ransil-''. A
set of localized molecular orbitals (LMO) obtained
by Edmiston and Ruedenbergw from Rensil's de-
localized set for LiH molecule was used in the
presen~ work. For the purpose of kinetic energy
analysis we have neglected the negligible contri-
bution from Is orbital of Li in the LiH bond MO and
renormalized it.
The orbital interference density P(int) is defined-
by the relation represented by Eq. 1.
P(int)=~ ~~~ [(Aa)(Bb) -tS(Aa, Bb)(A~+m)]
A B a b
xP(Aa, Bb) ... (1)
where A and B are two centres; a b are atomic orbital
indexes for the orbitals on the centres A and B res-
pectively. S(Aa, Bb) is the two centre overlap
Integral between the atomic orbitals Aa and Bb and
p(Aa, Bb) is the bond order matrix. When applied
t? the present case of Li-H bond, Eq. (1) takes a
SImple ~orm.. The interference density at the mole-
cular mid-point was calculated over a range of inter-
nuclear distances from R = 10·0 a.u. to R = 2-4
a.u, after .an interval of 0·4 a.u. The kinetic energy
f~r tJ1e Interference density, interatomic orbital
kinetic energy and the total bond kinetic energy
~KE) were c~lculated over the same range of
Internuclear distances. The results are listed in
!able 1. The kinetic energy integrals occurring
In the present work were evaluated by Roothaan's
procedure-s. The Li(2S) orbital was Schmidt or-
thogonalized to Li(IS). The entire calculation was
performed using the IBM 1130 computer.
From Table 1, it can be seen that the orbital inter-
ference d~nsity, P (int) , at the bond mi.d-point
gradually .Increases with a decrease, in the inter-
nuclear distance. As the two atoms, Li and H
come. closer. prog~essively, the overlap of the inter-
atomic orbitals increases indicating accumulation
of ?lore and I?-0re electronic charge in the bonding
region. The interference density being related to
two centr.e overlap (Eq. 1), it increases progressively.
The knetic energy due to the interference is found
~o be negative all thro.ughout. This is an extremely
Important effect. ThIS effect has been shown! to
be a fundamental factor in chemical binding. At
R = 10·0. a.u. (~5·0 A) the interference density per
elect~on I.S 0·0003 and the total density, being the
contn~uhons of two electrons which occupy the
bor:d, IS 0·0006. At 8·0 a.u. (~4'0 A) it is about
5. times I?-0!e and that at equilibrium internuclear References
distance It IS 0·0163 a.u., i.e. about 54 times more.
The interference kinetic energy at R = 10·0 a.u. is
-0·0042 a.u., i.e. -0·114 eV per electron and
TABLE 1 - ORBITALINTERFERENCEDENSITIESANDTHE
KINETIC ENERGYVALUES(a.u.)
R P(int)
10·0
9'6
9'2
8'8
8·4
8'0
7·6
7'2
6'8
6'4
6'0
5'6
5'2
4'8
4'4
4'0
3'6
3·2
3'0
2'8
2·4
0·0003
0'0004
0·0006
0'0008
0·0010
0'0016
0'0018
0·0024
0'0031
0'0040
0'0052
0·0067
0·0082
0'0102
0'0124
0'0145
0'0163
0'0169
0'0163
0'0148
0'0075
T(int) T(2SH) T(2PH) T(bond)
-0'0021 -0,0024 0·4241
-0·0024 -0,0028 0·4209
-0,0027 -0,0031 0·4171
-0'0029 -0,0035 0·4125
-0'0032 -0,0038 0·4073
-0,0033 -0'0038 0·4013
-0,0033 -0,0036 0·3945
-0·0031 -0'0029 0'3871
-0'0025 -0,0014 0'3790
-0'0016 0·0011 0·3706
-0,0000 0·0051 0·3620
0·0021 0·0111 0·3536
0'0050 0·0197 0·3457
0·0089 0·0315 0·3386
0·0138 0·0472 0·3330
0·0194 0·0674 0'3288
0'0257 0·0922 0·3265
0'0317 0'1215 0'3260
0·0342 0·1375 0'3263
0·0361 0'1539 0·3269
0·0367 0'1867 0'3280
-0'0042
-0·0052
-0·0064
-0·0078
-0'0095
-0·0114
-0·0137
-0·0163
-0·0193
-0'0226
-0'0261
-0·0299
-0'0337
-0,0375
-0·0410
-0,0440
-0·0463
-0·0477
-0'0480
-0'0482
-0'0483
T'(Int)= ~ine~ic energy clue to interference density;
T(2SH)= K~net~c energy due to Li(2S)-H(lS) overlap charge;
T(2PH)= Krnebc energy due to Li(2P)-H(1S) overlap
cha:ge; T(bond)= Total kinetic energy of the LiH bond
orbital.
-0·228 eV for both the electrons occupying the
bond. The value at R = 8·0 a.u. is -0·62 eV and
at the equilibrium distance it is -2·6 eV.
The total bond kinetic energy which is the sum
of atomic contributions and the interference con-
t~ibutions falls ~lowly till very near the equilibrium
distance when It starts rising. The bond kinetic
energy at equilibrium internuclear distance is 0·3263
a.u. or ~8·86 eV for each electron. It may
be pointed out that in this work we have assumed
same set of orbital exponents over the entire range
of internuclear distance. Thus the effect of the
orbital contractions has not been taken into account.
However, this is not expected to affect the general
pattern of changes of kinetic energies.
~he behaviour of kinetic energy due to interatomic
orbital overlap is interesting. The kinetic energies
due to overlap charge Li(2S)-H(IS) and Li(2P)-
H(IS) start with negative values, gradually decrease
and then start increasing, while still being negative
at ~J:>O\~t7·~ a.u. which is roughly 2·5 times the,
equilibrium Internuclear distance (3·015 a.u.) of LiH
molecule. This behaviour was observed by Rueden-
berg! in some other systems. We have also noted
a similar behaviour in our work on B-H bond. The
overla:p k,inetic energy. increases steadily with de-
crease In Internuclear distance and becomes positive
at about 5·6 a.u. which is very close to the sum of
the averc~.geradii of Li(2S) (3'5 a.u.) and H(IS) (1·5
a. u.) orbital under this situation.
The. author thanks the USEFI, New Delhi, for
financial support.
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Low temperature gas adsorption measurements have
been carried out on two samples of arsenic sulphide at
different degassing temperatures. The adsorption data
have been analysed by BET method. For the first time
in literature the adsorption data of sulphides have been
analysed on the basis of t and as methods to calculate
the specific surface area of the samples. 'An explana'-
tion has been offered regarding the shape of the t and
as curves.
IN .the present study low temperature gasadsorp-
tron method- has been used to measure the
surface are~s of arsenic sulphide samples, prepared
by two different methods. The choice of the
system, arsenic sulphide is based on its use as
a pigment, catalyst, lubricant and pharmaceutical
powder. In principle, the method involves the
determination of V", (monolayer capacity), the
volume of gas necessary to form a complete adsorbed
layer of one molecule thickness on the surface to be
measured.
Two samples A and B were prepared for the
pres:nt studi.es. Sar:nple A was obtained by dis-
solvmg arsemous oxide (10 g) in 100 ml of cone.
HCI at 45-50°. The solution was diluted to 1000
ml by adding water in small portions while main-
taining the temperature in the range 45-50°.
Hydrogen sulphide was passed for about 13-15 min
with occasional shaking of the container. The
precipitate formed was allowed to settle for 2 hr
fil~ered, washed repeatedly with water to remov~
acid completely and then dried for 2 hr at 100-104°.
Sample B was obtained by mixing sodium arsenite
(500 ml, 0·5 M) and sodium hydrosulphide (1000 ml,
0·5M) at room temperature. The solution was
n~ut.ralized by ad~ing ~N HCI drop by drop and
stirring the solution vigorously, The precipitate
was allowed to settle, filtered, washed until free from
acid and dried at 100-104° for 2 hr.
*Present address: National Physical Laboratory Hillside
Road, New Delhi 110012. '
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Fig. 1 - Adsorption of K2 on samples A and B of arsenic
sulphide [(i) Adsorption isotherm curve; (ii) BET plot]
The adsorption isotherms were determined using
the volumetric method of Emmetts. The usual
procedure followed for the measurements was de-
s~ribed in an earlier communications. The adsorp-
tion measurements were carried out on samples A
and B after degassing at 27°, 60° and 110°. The
experiments were carried out at the temperature
of the boiling point of nitrogen, -196°.
Fig. 1 (curve i) represents the adsorption isotherm
of N2 gas on the solids A and B at the degassing
temperature of 27°. The isotherms in both the cases
are of type II of Brunauer's classification. The
~~T plots for.both the samples are shown by curve
(11). The deviation of the BET plot from linearity
was observed at a relative pressure of 0·35 and 0·4
respectively for samples A and' B. Identical iso-
therms and BET plots were obtained for both the
samples at other degassing temperatures. The
surface area values obtained at different degassing
temperatures of the samples are given in Table 1.
The BET constant, C, was found to be 39 for sample
A and 101 for sample B.
In order to know the nature of the powders, an
attempt was made to analyse the adsorption data
on the basis of the t method of de Boer! and
IXs method of Sing", The survey of literature
shows that the t and IX! methods were used to
analyse the adsorption data of oxides, carbons, silica,
alumina and other- powders but not of sulphides. In
Fig. 2 are given the t and IXs plots of samples A and
B. Similar t and IXs plots were obtained at other
degassing temperatures. The areas obtained from
the t and IXs methods are given in Table 1.
The surface areas of the samples obtained by
BET, t and IXs methods at different degassing
temperatures are in good agreement. From the
ya!ues obtained at three degassing temperatures,
It IS clear that degassing at room temperature itself
removes the condensable gas or vapours and surfaces
are free from foreign gases. Table 1 shows that the
surfac~ structure of the solid is not affected by higher
degassmg temperatures.
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